The aim of this study was to determine the possible effects of various levels of rosemary and oregano volatile oil mixture dietary supplementation on oxidative status parameters in the blood and various organs of quails. A total of 880 one-day-old Pharaoh quails (Coturnix coturnix Pharaoh) including both males and females, were divided into four groups containing 220 quails and treated as follows: a control group with 0 mg volatile oil (VO)/kg of diet; group I, with 100 mg/kg rosemary VO (RVO) plus 100 mg/kg oregano VO (OVO, 50:50%); group II, 60 mg/kg rosemary VO plus 140 mg/kg oregano VO (30:70%); and group III, 140 mg/kg rosemary VO plus 60 mg/kg oregano VO (70:30%). The diets were prepared fresh for each treatment. The experiment was carried out for 42 days. The quails were euthanized and then serum, erythrocyte, heart, liver and spleen were obtained. Serum malondialdehyde (MDA), nitric oxide (NO), antioxidant activity (AOA), glutathione (GSH), vitamin A (VA), vitamin C (VC), erythrocyte superoxide dismutase (SOD), as well as MDA, NO and SOD levels from the heart, liver and spleen were determined by enzyme-linked immunosorbent assay (ELISA). The results of the study show that whereas the lowest serum MDA and serum NO values were observed in group III (p< 0.05), the highest serum MDA and serum NO values were in group I (p<0.05). Moreover, the highest NO and SOD levels in group I were found in the liver and spleen, respectively (p<0.05). In conclusion, supplementation with a rosemary and oregano VO mixture to the diets of quails may alter the antioxidant activity depending on the diets, and the most effective doses of rosemary and oregano VO mixture were 70 and 30%, respectively.
INTRODUCTION
During leukocytes and mitochondrial respiration chain, free radicals derived from oxygen are continuously produced in living organisms. These radicals are reactive substances that contain non-shared electrons in their orbit and are prone to break down surrounding configurations. The most commonly produced oxygen-derived *Corresponding author. E-mail: biricik@uludag.edu.tr. Tel: +90 224 294 13 64. Fax: +90 224 294 12 02. radicals are singlet oxygen, superoxide radicals, hydroxyl radicals, hydrogen peroxide and nitric oxide (NO) (Cuzzocrea et al., 2001; Berger and Chiolero, 2007; Bulbul et al., 2008) . Under normal conditions, there is a balance between generated free oxygen radicals (FOR) and enzymatic or non-enzymatic antioxidants. Superoxide dismutase (SOD) is an enzymatic antioxidant, whereas glutathione (GSH), vitamin A (VA) and vitamin C (VC) are classified as non-enzymatic antioxidants (Urso and Clarkson, 2003; Lee et al., 2009) . Antioxidant activity (AOA) represents totally non-proteinaceous and non-enzymatic antioxidants (e.g. uric acid, and albumin) in serum and tissues (Collins, 2005; Mancini et al., 2010) . Lipid peroxidation develops as a result of oxidative damage caused by excessive FOR production or a lack of antioxidant capacity. Several products are generated following oxidative damage; however, it is rather difficult to measure them. Malondialdehyde (MDA), an endproduct of lipid peroxidation is considered a golden rule for oxidative damage and commonly used parameter (Urso and Clarkson, 2003; Berger and Chiolero, 2007) .
Synthetic or natural antioxidants are supplied in the diet of poultry to have optimal performance. Nevertheless, some synthetic antioxidants such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) may be dangerous for animals (Attmann et al., 1986; Powell et al., 1986) . Natural herbs and spices such as rosemary (Rosmarinus officinalis) and oregano (Origanum vulgare) are well-known antioxidative substances and therefore they have been widely used as a dietary supplement in poultry nutrition. R. officinalis is one of the most important sources of natural antioxidants. The antioxidative activities of rosemary extracts have been reported in many studies. Moreover, it has been demonstrated that antioxidant efficiency of rosemary extracts effectively inhibited hydroperoxide formation (Frankel et al., 1996) due to high content of phenolic compounds (Leung and Foster, 1996) such as monoterpenes (eteric olis), diterpene phenols (carnosic acid, carnosol, rosmanol, epirosmanol, isorosmanol and methyl carnosate), phenolic acids (rosmarinic acid), flavonols, and triterpene acids (ursolic acid, oleanolic acid and butilinic acid).
On the other hand, oregano (O. vulgare L.) is an important Mediterranean herb rich in phenolic compounds with antioxidant and antimicrobial activities (Chun et al., 2005) . Origanum plants belonging to different species and ecotypes are widely used in agriculture and animal nutrition as a natural antioxidant substance. A number of studies on antioxidant activities of essential oils from various aromatic plants have reported that the oregano essential oil rich in thymol and carvacrol had a considerable antioxidant effect on the process of lard oxidation (Lagouri et al., 1993) . Thus, this study was designed to determine the effects of supplementation of rosemary and oregano volatile oils in the diets on the oxidative status of blood and various organs (that is, heart, liver and spleen) in quails.
MATERIALS AND METHODS

Animals, housing and experimental treatments
A total of 880 day-old Pharaoh (Coturnix coturnix Pharaoh) quails, males and females, were obtained from the Uludag University Animal Health and Production, Research and Application Center of quail breeding (Bursa, Turkey). The study protocol was approved Bulbul et al. 1801 by the Ethic Committee of Uludag University. The quails were randomly allocated into one control group and three treatment groups, each containing 220 quails. Each group was randomly divided into five replicates as subgroups comprising 44 quails each. Newly hatched chicks in all groups were reared under the same growing conditions in brooding cages (colony type) in an opensided house with mechanical ventilation. Quails were transferred randomly at the 4th week of age from the growing cages to laying cages (100 cm wide, 45 cm deep, 21 cm high in front, and 17 cm high in the rear, 112.5 cm 2 per quail) and housed until the end of the research. All chicks were brooded and reared at 28°C for the 1 st week, 27°C for the 2 nd week, 24°C for the 3 rd week, and 18 to 21°C from the 28 th day until 42 days of age. The quails received a basal diet [maize and soya bean based; 246.9 g/kg crude protein; 12.26 MJ/kg metabolisable energy (ME)], formulated to meet the NRC (1994) requirements of all nutrients including vitamins and minerals though without the addition of antibiotics, coccidiostats or growth promoters. The content of the basal diet is presented in Table 1 . Group feeding was applied in all replications. The volatile oil dosages added to the diet were chosen on the basis of information from the literatures and benefits from the effective dosage of a previous study. There were 4 treatments: control with 0 mg volatile oil/kg of diet; group I, 100 mg/kg rosemary oil plus 100 mg/kg oregano volatile oil (50: 50%); group II, 60 mg/kg rosemary volatile oil plus 140 mg/kg oregano volatile oil (30:70%); and group III, 140 mg/kg rosemary volatile oil plus 60 mg/kg oregano oil (70:30%). The diet in the form of mash and water was provided ad libitum during the entire experimental period (42 d). A 24-h constant lighting program was also maintained throughout the experimental period.
Determination of volatile oils in rosemary and oregano
The pure volatile oil of oregano (density: 0.959 at 20°C, gas chromatography-mass spectrometry (GC-MS) tested, origin Alanya/Turkey, NBT company, steam distillation extraction) and rosemary (density: 0.895 at 20°C, GC-MS tested, origin Mersin/Turkey, Semi Eterik Company, hydrodistillation extraction) was obtained from a commercial volatile oil company. Gas chromatography analysis was carried out on an MS-Thermo Polaris Q GC-Thermo Trace GC (Thermo Fisher Scientific, MA, USA) ultra fitted with a fused HP5-MS capillary column (Thermo Fisher Scientific, MA, USA) (30 × 0.25 × film thickness 0.5 µM). The temperature was programmed to rise from 95 to 240°C at 4°C/min. The injection was performed at 250°C in the split mode. Helium gas was used as a carrier at 1.3610 atm. The detection was performed by flame ionization detector (FID) at 250°C, and the injection volume for all samples was 0.1 µL. Chromatograms were determined using MS (mass spectrometer) or MS/MS. Data were calculated using internal standards (Pala-Paul et al., 2004 ).
Blood sampling and erythrocyte's hemolysate extraction
At the 42 nd day of the study, 16 quails from each subgroup were randomly selected and decapitated. During the euthanasia, blood samples were collected into heparinized and non-heparinized tubes. Serum was obtained from non-heparinized tubes by centrifugation at 3000 rpm for 10 min at 4°C. Blood samples placed in heparinized tubes were centrifuged at 3000 rpm for 10 min and the supernatant plasma was removed. Saline solution was added to the remaining pellet of erythrocyte and re-centrifuged at 3000 rpm for 10 min. The supernatant was removed. This process was repeated three times. After the last application, the remaining erythrocyte fraction was stored at -20°C until further analysis. During the study, hemolysis was induced by the addition of 50 times of distilled water.
Homogenization of heart liver and spleen
The liver, heart and spleen were removed from quails following euthanasia and homogenized by 100 mmol/L phosphate buffer containing sodium acid in a homogenize (Ultra-Turrax T25, Germany) in an ice bath for 1 min. 10% of the obtained homogenize were sonicated for 30 s in an ice bath (Bandelin Sonoplus UW 2070, Germany). Samples were further centrifuged at 3000 rpm for 10 min at 4°C in order to obtain a supernatant. Protein content of the supernatant was determined by the method of Lowry et al. (1951) . Concentrations of serum MDA (Draper et al., 1986) , NO (Miranda et al., 2001) , AOA (Koracevic et al., 2001) , GSH (Beutler et al., 1986 ) , VA (Suzuki and Katoh, 1990) and VC (Kyaw, 1978) , SOD in erythrocyte (Sun et al., 1988) , NO (Miranda et al., 2001) , SOD (Sun et al., 1988) in the heart, liver, and spleen were determined with ELISA and a spectrophotometric reader (MWGt Lambda Scan 200, Bio-Tek Instruments, USA).
Statistical analyses
Statistical analysis was performed using the SPSS (1997) software package for Windows (SPSS Inc., Chicago, IL, USA). One way analysis of variance (ANOVA) was used to evaluate the effects of essential oil combinations. Tukey's test was used as a post-hoc test. The significance level was set at p<0.05.
RESULTS
Chemical composition
13 components were identified in the oil of R. officinalis and 8 components were detected in the oil of O. vulgare. The most significant components of R. officinalis identified were 1.8-cineole (43.96%), α-pinene (25.33%) and camphene (11.09%), whereas it was carvacrol (71.2%), p-cymene (9.8%) and γ-terpinene (8.2%) for O. vulgare (Table 2) .
Oxidative status of serum, erythrocyte packet and tissue samples
The serum MDA level was lower in the group III (p<0.05), whereas NO level was increased in the group I in comparison to those in control and group III (p<0.05). No differences were observed among the groups in terms of Table 3 . MDA (nmol/ml), NO (µmol/L), AOA (nmol/ml), GSH (µmol/L), VA (µg/dl), VC (µg/dl) levels in the serum and SOD (IU/ml) level in erythrocyte in groups (mean ± standard error (SE), n:10). concentrations of AOA, GSH, VA and VC in serum and SOD in erythrocytes. The NO level of the liver in the group III and the SOD level of the spleen in the group I and group III were found to be high (p<0.05). Again, no differences were noted among the groups with respect to the MDA, NO and SOD levels in the liver and spleen.
Control
DISCUSSION
The aim of the present study was to evaluate the effects of supplementation of various levels of rosemary and oregano VO mixtures to the diets of quails on the oxidative status of blood and various organs (heart, liver and spleen). The major components of rosemary and oregano oils were determined to be 1,8-cineole (43.96%), α-pinene (25.33%) and camphene (11.90%) versus carvacrol (71.2%), p-cymene (9.8%) and γ-terpinene (8.2%), respectively. Our results are consistent with other studies investigating the major components of either rosemary (Wang et al., 2008; Pintore et al., 2009) or oregano (Başer et al., 1993) . In the present study, the lowest serum MDA concentration, the end product and the most common indicator of lipid peroxidation, was seen in group III having the highest rosemary VO (140 mg/kg RVO + 60 mg/kg OVO; p<0.05; Table 3 ). Rosemary herb may exert protective effects by exhibiting antioxidant activity in the liver (Sotelo-Felix et al., 2002 ) and brain (Posados et al., 2009 ) as observed in this study. Oxidative stability may be accomplished in meat products derived from turkeys in which their diets were supplemented with rosemary leaves (Botsoglou et al., 2007) . Sotelo-Felix et al. (2002) stated that this protective activity might be due to carnosol contained in the rosemary herb. Similarly, in rats it was observed that either 1,8-cineole in vivo or 1,8-cineole, α-pinene and β-pinene in vitro showed strong antioxidant activity (Wang et al., 2008) . In this study, despite of the lack of carnosol in the volatile oil of R. officinalis, 1,8-cineole (43.96%), α-Pinene (25.33%) and β-pinene (1.40%) were present. Thus, the reason for the lowest MDA level seen in the highest rosemary VO ratio group may be attributed to 1,8-cineole, α-pinene and β-pinene. In other applications in this study, the MDA value was insignificant compared to the control group (p>0.05; Table 3 ). Although oregano extracts had an antioxidant activity and could be used as a food supplement or for medical purposes (Celik et al., 2010; Lahucky et al., 2010) , it showed no antioxidant activity when evaluating the MDA level in the serum and tissues such as liver, kidney and brain. In a previous study, quails given oregano (O. majorana × O. vulgare) leaves orally did not produce antioxidant activity in eggs and the liver (Handl et al., 2008) . Moreover, it was stated that the antioxidant capacity of these types of herbs may show variation de0pending on the harvesting season (Ozkan et al., 2010) . However, we do not agree with this statement because in our study of carvacrol, the most salient content of oregano herb showing antioxidant activity was 70%, indicating that this ineffectiveness may not be associated with the harvesting season.
NO mediates a number of physiological processes as an intracellular messenger in mammals (Bulbul et al., 2007) and poultry (Leo et al., 2008) , but because it contains unoccupied/coupled electrons in its molecular orbits, it is also known as a free radical. Therefore, it can yield hazardous effects (Das and Vasudevan, 2007) . The highest NO level in the serum was observed in the 100 mg/kg RVO + 100 mg/kg OVO group (p<0.05; Table 3 ). In this particular group, the undiminished MDA level may be caused by the increased NO level. Also, in this study, there were no differences in the antioxidant levels of AOA, (enzymatic and non-enzymatic) in the serum (p>0.05), whereas a statistically significant difference was observed in the MDA level in the serum (p<0.05; Table   3 ). Increased MDA levels with unaltered AOA levels have been reported previously (Urso and Clarkson, 2003 ). In the current study, the observation of no changes in the levels of antioxidants was an expected result because lipid peroxidation did not develop.
In the current study, there were significant changes in the spleen SOD activity (p<0.05) (Table 4 ), but no changes in the MDA levels were seen in the spleen and other organs studied. In studies directed to evaluate the parameters for antioxidant capacity in which only antioxidants are considered (enzymatic and non enzymatic), the results were discordant. Therefore, it is feasible to evaluate the MDA levels, which are a marker for lipid peroxidation (Konyalioglu et al., 2007; Er et al., 2010a Er et al., , 2010b Yazar et al., 2010) . For this reason, by considering only SOD activity, it is difficult to comment on the antioxidant capacity of tissues. However, the observation of no significant difference in the MDA levels in tissues (p>0.05) may indicate that SOD activity could be in the normal range (Table 4) .
Conclusion
It was concluded that supplementation of rosemary and oregano VO mixture to diets of quails may alter the antioxidant activity depending on the diets, and the most effective doses of rosemary and oregano VO mixture were found to be 70 and 30%, respectively.
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